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As with the above populations, the diversity of such 
focused populations can be further increased by 
additionally expanding on the positions selected for 
change to include other relevant positions in either or 
5 both of the framework and CDR regions. There are 

numerous other combinations ranging from few changes to 
many changes in either or both of the framework regions 
and CDRs that can additionally be employed, all of which 
will result in a population of altered variable regions 

10 that can be screened for the identification of at least 
one CDR grafted altered variable region of the invention. 
Those skilled in the art will know, or can determine, 
which selected residue positions in the framework or 
donor CDRs, or subsets thereof, can be varied to produce 

15 a population for screening and identification of a 

altered antibody of the invention given the teachings and 
guidance provided herein. 

Simultaneous incorporation of all of the CDR 
encoding nucleic acids and all of the selected amino acid 

20 position changes can be accomplished by a variety of 

methods known to those skilled in the art, including for 
example, recombinant and chemical synthesis. For 
example, simultaneous incorporation can be accomplished 
by, for example, chemically synthesizing the nucleotide 

25 sequence for the acceptor variable region, fused together 
with the donor CDR encoding nucleic acids, and 
incorporating at the positions selected for harboring 
variable amino acid residues a plurality of corresponding 
amino acid codons. 

30 One such method well known in the art for 

rapidly and efficiently producing a large number of 
alterations in a known amino acid sequence or for 
generating a diverse population of variable or random 
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sequences is known as codon-based synthesis or 
mutagenesis. This method is the subject matter of U.S. 
Patent Nos. 5,264,563 and 5,523,388 and is also described 
in Glaser et al. J, Immunology 149:3903 (1992). Briefly, 
5 coupling reactions for the randomization of, for example, 
all twenty codons which specify the amino acids of the 
genetic code are performed in separate reaction vessels 
and randomization for a particular codon position occurs 
by mixing the products of each of the reaction vessels. 

10 Following mixing, the randomized reaction products 

corresponding to codons encoding an equal mixture of all 
twenty amino acids are then divided into separate 
reaction vessels for the synthesis of each randomized 
codon at the next position. For the synthesis of equal 

15 frequencies of all twenty amino acids, up to two codons 
can be synthesized in each reaction vessel. 



Variations to these synthesis methods also 
exist and include for example, the synthesis of 
predetermined codons at desired positions and the biased 

20 synthesis of a predetermined sequence at one or more 
codon positions. Biased synthesis involves the use of 
two reaction vessels where the predetermined or parent 
codon is synthesized in one vessel and the random codon 
sequence is synthesized in the second vessel. The second 

25 vessel can be divided into multiple reaction vessels such 
as that described above for the synthesis of codons 
specifying totally random amino acids at a particular 
position. Alternatively, a population of degenerate 
codons can be synthesized in the second reaction vessel 

30 such as through the coupling of NNG/T nucleotides where N 
is a mixture of all four nucleotides. Following 
synthesis of the predetermined and random codons, the 
reaction products in each of the two reaction vessels are 



mixed and then redivided into an additional two vessels 
for synthesis at the next codon position. 

A modification to the above-described 
codon-based synthesis for producing a diverse number of 
variant sequences can similarly be employed for the 
production of the variant populations described herein. 
This modification is based on the two vessel method 
described above which biases synthesis toward the parent 
sequence and allows the user to separate the variants 
into populations containing a specified number of codon 
positions that have random codon changes. 

Briefly, this synthesis is performed by 
continuing to divide the reaction vessels after the 
synthesis of each codon position into two new vessels. 
After the division, the reaction products from each 
consecutive pair of reaction vessels, starting with the 
second vessel, is mixed. This mixing brings together the 
reaction products having the same number of codon 
positions with random changes. Synthesis proceeds by 
then dividing the products of the first and last vessel 
and the newly mixed products from each consecutive pair 
of reaction vessels and redividing into two new vessels . 
In one of the new vessels, the parent codon is 
synthesized and in the second vessel, the random codon is 
synthesized. For example, synthesis at the first codon 
position entails synthesis of the parent codon in one 
reaction vessel and synthesis of a random codon in the 
second reaction vessel. For synthesis at the second 
codon position, each of the first two reaction vessels is 
divided into two vessels yielding two pairs of vessels. 
For each pair, a parent codon is synthesized in one of 
the vessels and a random codon is synthesized in the 
second vessel. When arranged linearly, the reaction 



